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SCIENCE ASA WAY OF KNOWING 
Howard Stein 
A task force in the Science & Mathematics Division has been working on a new 
pair of courses to add to the General Education menu in the sciences, SCIENCE 101 and 
102 Science As a Way of Knowing. What follows is an overview of the thinking of the 
task force. 
The Science categories of General Education require students to complete courses 
in the Life and Physical Sciences and to include a laboratory component. The collective 
intent of those requirements forces some breadth and some involvement in the practice of 
science. The SCI 101 and 102 package fulfills each of those requirements but in a 
different fashion than originally envisioned by the framers of the requirements. 
The premise behind the courses is that all educated people in our age need to be 
scientifically literate. Knowledge of one or two of the major sciences is not sufficient. 
Science literacy includes familiarity with the natural world, under standing of key 
concepts and principles of the sciences, and awareness of the interdependence of science 
and technology. A scientifically literate person has the capacity for a scientific way of 
thinking, can describe the natural world mathematically, recognizes the limits of science, 
and applies scientific knowledge and habits of mind for individual and social purposes. 
SCI 101 and 102 are planned to approach these goals of scientific literacy in an 
interdisciplinary way, touching upon the major concepts of all of the natural sciences. 
These courses are designed to be completed as a unit. SCI 1 01 and 1 02 are to be 
taken in successive semesters. The laboratory is to be offered in alternate weeks 
throughout the year. 
The following outline, derived largely from Project 2061: Science For All 
Americans (American Association for the Advancement of Science, 1989) summarizes 
our intentions: 
I. The nature of science 
A. Scientific world view: Scientists share certain beliefs and attitudes about what 
they do. 
1. The world is understandable. 
Things and events in the universe occur in consistent patterns which are 
comprehensible through careful, systematic study. 
2. Scientific knowledge is subject to change. 
Change in scientific knowledge is inevitable because new knowledge 
challenges prevailing theories. 
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3 .  S c i e n t i f i c  k n o w l e d g e  i s  d u r a b l e .  .  
T h e  m o d i f i c a t i o n  o f  k n o w l e d g e ,  r a t h e r  t h a n  o u t r i g h t  r e j e c t i o n ,  i s  t h e  n o r m  
i n  s c i e n c e .  P o w e r f u l  c o n s t r u c t s  t e n d  t o  g r o w  m o r e  p r e c i s e  a n d  t o  b e c o m e  
m o r e  w i d e l y  a c c e p t e d  .  
4 .  S c i e n c e  c a n n o t  p r o v i d e  a n s w e r s  t o  a l l  q u e s t i o n s .  
C e r t a i n  b e l i e f s  c a n n o t  b e  e x p l a i n e d  b y  s c i e n t i f i c  m e t h o d s .  
B .  S c i e n t i f i c  i n q u i r y :  F u n d a m e n t a l l y  t h e  s c i e n c e s  a r e  a l i k e  i n  t h e i r  r e l i a n c e  o n  
e v i d e n c e ,  t h e  u s e  o f  h y p o t h e s e s  a n d  t h e o r i e s ,  a n d  t h e  k i n d s  o f  l o g i c  u s e d .  
1 .  S c i e n c e  d e m a n d s  e v i d e n c e .  
T h e  v a l i d i t y  o f  s c i e n t i f i c  c l a i m s  i s  s e t t l e d  b y  r e f e r r i n g  t o  o b s e r v a t i o n s  o f  
p h e n o m e n a .  
2 .  S c i e n c e  i s  a  b l e n d  o f  l o g i c  a n d  i m a g i n a t i o n .  
A l t h o u g h  a l l  s o r t s  o f  i m a g i n a t i o n  a n d  t h o u g h t  m a y  b e  u s e d  i n  c o m i n g  u p  
w i t h  h y p o t h e s e s  a n d  t h e o r i e s ,  s o o n e r  o r  l a t e r  s c i e n t i f i c  a r g u m e n t s  m u s t  
c o n f o r m  t o  t h e  p r i n c i p l e s  o f  l o g i c a l  r e a s o n i n g .  
3 .  S c i e n c e  e x p l a i n s  a n d  p r e d i c t s .  
T h e  c r e d i b i l i t y  o f  s c i e n t i f i c  t h e o r i e s  o f t e n  c o m e s  f r o m  t h e i r  a b i l i t y  t o  s h o w  
r e l a t i o n s h i p s  ( o f t e n  m a t h e m a t i c a l )  a m o n g  p h e n o m e n a  w h i c h  w e r e  
p r e v i o u s l y  t h o u g h t  t o  b e  u n r e l a t e d .  
4 .  S c i e n t i s t s  t r y  t o  i d e n t i f y  a n d  a v o i d  b i a s .  
B i a s  a t t r i b u t a b l e  t o  t h e  i n v e s t i g a t o r ,  t h e  s a m p l e ,  t h e  m e t h o d ,  o r  t h e  
i n s t r u m e n t  m a y  n o t  b e  c o m p l e t e l y  a v o i d a b l e ,  b u t  s c i e n t i s t s  w a n t  t o  k n o w  
t h e  p o s s i b l e  s o u r c e s  o f  b i a s  a n d  h o w  b i a s  i s  l i k e l y  t o  i n f l u e n c e  t h e  
e v i d e n c e .  
5 .  S c i e n c e  i s  n o t  a u t h o r i t a r i a n .  
S c i e n t i s t s  a c c e p t  t h e  c o n c e p t  t h a t  e v e n  t h e  m o s t  e m i n e n t  s c i e n t i s t s  c a n  b e  
w r o n g ,  t h a t  n o  o n e  i s  e m p o w e r e d  t o  d e c i d e  f o r  o t h e r  s c i e n t i s t s  w h a t  i s  t r u e .  
C .  T h e  s c i e n t i f i c  e n t e r p r i s e :  S c i e n t i f i c  a c t i v i t y  i s  o n e  o f  t h e  m a i n  f e a t u r e s  o f  t h e  
c o n t e m p o r a r y  w o r l d  a n d  d i s t i n g u i s h e s  o u r  t i m e s  f r o m  e a r l i e r  c e n t u r i e s .  
1 .  S c i e n c e  i s  a  c o m p l e x  s o c i a l  a c t i v i t y .  
S c i e n c e  i s  p u r s u e d  i n  m a n y  d i f f e r e n t  s e t t i n g s  a n d  i n  m a n y  d i f f e r e n t  
c o u n t r i e s  b y  m a n y  d i f f e r e n t  k i n d s  o f  p e o p l e .  T h e  d i s s e m i n a t i o n  o f  n e w  
s c i e n t i f i c  d i s c o v e r i e s  i n v o l v e s  c o m m u n i c a t i o n ,  q u e s t i o n i n g ,  a n d  c r i t i c i s m  
w i t h i n  t h e  i n t e r n a t i o n a l  s c i e n t i f i c  c o m m u n i t y .  
2 .  S c i e n c e  i s  o r g a n i z e d  i n t o  c o n t e n t  d i s c i p l i n e s  a n d  i s  c o n d u c t e d  i n  v a r i o u s  
i n s t i t u t i o n s .  
T h e  v a r i o u s  d i s c i p l i n e s  o v e r l a p  a n d  i n t e r a c t  w i t h  e a c h  o t h e r ,  a n d  n e w  
s c i e n t i f i c  d i s c i p l i n e s  a r e  c o n t i n u a l l y  b e i n g  f o r m e d .  U n i v e r s i t i e s ,  i n d u s t r y ,  
a n d  g o v e r n m e n t  a r e  a l l  p a r t  o f  t h e  s c i e n t i f i c  e n d e a v o r .  
3 .  T h e r e  a r e  g e n e r a l l y  a c c e p t e d  e t h i c a l  p r i n c i p l e s  i n  t h e .  c o n d u c t  o f  s c i e n c e .  
S t r o n g l y  h e l d  t r a d i t i o n s  o f  a c c u r a t e  r e c o r d  k e e p i n g ,  o p e n n e s s ,  a n d  
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replication, buttressed by critical reviews of one's work by peers, serves to 
keep the vast majority of scientists within the bounds of ethical 
professional behavior. 
4. Scientists participate in public affairs both as specialists and as citizens. 
Scientists can bring information, insights, and analytical skills to bear on 
matters of public concern. 
II. The nature of technology: Tec~ology extends our ability to change the world. 
A. Science and technology 
I. Technology draws on science and contributes to it. 
In addition to accumulated practical knowledge, understanding how things 
behave contributes to development of technology. 
2. Engineering combines scientific inquiry and practical values. 
The component of technology most closely allied to scientific inquiry and 
to mathematical modeling is engineering. 
B. Principles of technology 
1. The essence of engineering is design under constraint. 
Such limits as physical laws, economics, and risk must be taken into 
account in seeking optimum design. 
2. All technologies involve control. 
All systems require control to keep them operating properly. 
3. Technologies always have side effects. 
Unintended side effects accompany the production and application of 
designs.· 
4. All technology systems can fail. 
The more complex a system, the more components can contribute to 
failure. 
C. Technology and society 
I. Technological systems and social systems interact strongly. 
Social and economic forces influence which technologies will be 
undertaken, paid attention to, invested in, and used. 
2. The social system imposes some restrictions on openness in technology. 
Large investments of time and money in developing technologies can be 
jeopardized by sharing knowledge with potential competitors. 
3. Decisions about the use of technology are complex. 
Though most technological innovations respond to free market forces, 
some technologies are subject to public debate and formal regulation. 
The scientific literacy goal, emphasis on knitting together the sciences, and- many 
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c o n n e c t i o n s  w i t h  s o c i a l  s c i e n c e  a n d  h u m a n i t i e s  d i s c i p l i n e s  p o s i t i o n  t h i s  p a c k a g e  o f  
c o u r s e s  a s  a  g o o d  e x e m p l a r  o f  t h e  G e n e r a l  E d u c a t i o n  i d e a l s .  B y  d o w n p l a y i n g  s c i e n c e  a s  a  
m a s s  o f  f a c t s  a n d  h i g h l i g h t i n g  t h e  p h i l o s o p h y  o f  s c i e n c e ,  S c i e n c e  A s  a  W a y  o f  K n o w i n g  
p r o v i d e s  s t u d e n t s  w i t h  a  s u b s t a n t i a l  m e a n s  t o  c o m p a r e  s c i e n c e  w i t h  o t h e r  d i v i s i o n a l  
c a t e g o r i e s  o f  G e n e r a l  E d u c a t i o n .  
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